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Abstract
Objective: To investigate the effects of balance training to improve postural control in adults older than 60. Our
aim was to find out if Kinect training is superior to the conventional balance training in aspects of functional
balance tests and posturography measurements testing postural stability through visual feedback.
Materials and Methods: Thirty subjects participated in the Kinect training group (29 women and 1 man),
practiced Kinect Adventures and Sports, 23 volunteers (22 women and 1 man) attended the conventional
balance training, and 22 participants (18 women and 4 men) were allocated to the no-intervention control
group. Both interventions lasted for 6 weeks, three times a week, and 30 minutes per session. The Four-Square
Step Test, Functional Reach Test, Timed Up and Go test, Timed Up and Go cognitive dual-task test were
measured, and for the assessment of the limit of stability (LOS), we used computerized posturography. Mea-
surements were taken before the training at baseline and 6 weeks after (follow-up) the interventions. Statistical
analysis was done through two-factor mixed analysis of variance and Newman–Keuls post hoc test.
Results: Both training groups showed progress in the follow-up measurements; however, more statistically
significant improvements were found in favor of the Kinect balance training group (Timed Up and Go test
[P< 0.05], Timed Up and Go cognitive dual-task test [P< 0.05], Four-Square Step Test [P < 0.05], Functional
Reach Test [P< 0.05], LOS movement velocity [P< 0.05]).
Conclusion: Our results suggest that Kinect balance training may be a preferable and safe method for the
healthy older adults to improve postural control and reduce the possibility of falling.
Keywords: Virtual reality, Aged, Physical therapy modalities, Postural balance
Introduction
L iving surrounded with 21st century technology ina fast-paced, rapidly changing computerized world and
environment, even our instinctively trusted balance abilities
are unsteady. Balance impairments among older populations
resulting serious adverse effects such as falls are well known in
geriatrics. According to the Institute of Health Metrics and
Evaluation,1 the fifth cause of death and disability was falls in
Hungary, where among 100,000 people, 1045 citizens suffered
injury or died due to falls. Therefore, early morbidity, immo-
bility, premature nursing home placement, or surgical inter-
ventions are serious conditions that older adults deal with.
The reason for decreased balance abilities is often multi-
factorial; meaning that it is difficult to determine only one
exact cause of balance dysfunctions.2 Previous literature3
indicates that with increased age, components of the neuro-
muscular, sensory, and cognitive systems, which are the
main constituents for the appropriately functioning balance,
become decreased. Moreover, balance is also influenced by
constantly changing factors such as the environment (poor
lightning, crowded spaces, and slippery support surface) or
the individual’s emotional and general physical status.4
Deficiency of any of these components may remain unde-
tected until the first experience of a fall. Therefore, to reduce
the effects of age-related changes on balance, choosing a
training method that improves all levels of the impaired
balance is essential.
For the prevention and delay of serious consequences of
falls due to postural control impairments in older age, there
1Department of Orthopaedics, Physiotherapy Centre, University of Szeged, Szeged, Hungary.
2Department of Physiotherapy, Faculty of Health Sciences and Social Studies, University of Szeged, Szeged, Hungary.
3Department of Traumatology, Faculty of Medicine, University of Szeged, Szeged, Hungary.
GAMES FOR HEALTH JOURNAL: Research, Development, and Clinical Applications
Volume 8, Number 1, 2019
ª Mary Ann Liebert, Inc.
DOI: 10.1089/g4h.2018.0027
1
G4H-2018-0027-ver9-Sapi_3P.3d 08/25/18 10:45am Page 1
have been several attempts in physiotherapy during the last
decades. Various studies confirmed that physical exercise
training,5 aquatic gymnastics,6 strength training,7 and Tai
Chi8 are effective balance enhancement methods designed
for older adults. Furthermore, according to Rogge et al.,9
balance training and physical exercising10 can develop older
adults’ cognitive functions as well.
Dual tasking is frequent in daily life. Maki et al.11 de-
scribed that neural structure theories propose that dual-task
interference effects appear since there are competing de-
mands for specific neural pathways within the brain. Ex-
ergames can also be considered dual task, in which subjects
have to perform two tasks via cognitive and motor perfor-
mances12 simultaneously, which is beneficial for training
postural control.
When active videogame devices were released shortly,
they gained popularity in balance rehabilitation too, although
these products primarily did not serve any therapeutic pur-
pose. In a review by Kinne et al.,13 several studies had
compared the effects of Nintendo Wii games with con-
ventional balance exercising among healthy older adults.
Commercially available Kinect games contain whole-body
movements based on visual feedback in a realistic virtual
environment, and therefore, they may improve physical and
cognitive parts of postural control as well. Another advan-
tage of Kinect gaming is that players do not need any hand-
held controller to practice sporting activities and their basic
movements such as ski, tennis, and football, and that expe-
riencing these sports can become realistic via visual feed-
backs in a virtual environment compared with a conventional
training. In addition to that, Kinect games are operating with
rewarding mechanisms; players are given reward points to
motivate them during the games.
Only few studies investigated the effects of commercially
available Kinect gaming training either versus an exercise
training or a conventional physical therapy or a no-
intervention control group on balance improvement in the
same target population.14–16
To our knowledge, this is the first article that compares the
effects of these different types of training groups at the same
time in healthy older adults focusing on only the functional
balance tests completed with posturography measurement
testing postural stability through visual feedback. To inves-
tigate if the Kinect training program is more effective than
the conventional balance training, it is essential to apply
various balance tests that represent balance abilities of ev-
eryday life movements or body movement patterns. There-
fore, the aim of our study was to confirm that the Kinect
training using commercially available games might be more
prominent than conventional balance training on improving
functional balance of healthy older adults.
Methods
Participants
Healthy community-dwelling older adults (free from
known musculoskeletal, neurological, and cardiopulmonary
disorders), older than 60, were recruited (n = 117) (Fig. 1) for
our study on improving balance abilities through local an-
nouncements in senior centers of the city Szeged, Hungary.
Exclusion criteria included self-reported cognitive impairment,
disorders of the heart and circulatory system, musculoskeletal,
respiratory, and autoimmune diseases, neurological condi-
tions, hearing or vision loss, artificial limbs or prosthetics,
sores on lower limbs or feet or corns, and taking medica-
tion that could affect the postural control. On the arrival of
subjects (on a first-come, first-served basis), participants
were enrolled to the Kinect training group or the conven-
tional balance training group or to the no-intervention con-
trol group. Subjects were kept unaware about the method of
allocation and about different types of groups, but the authors
were not blinded to the group assignment. Our volunteers
were informed about the start and procedure of the study one
by one.
Our participants performed casual daily activities but did
not participate in any organized physical training exercise
program. To avoid any bias, for the duration of our study we
asked our participants not to be engaged parallel in any other
structured physical exercise or balance training program. The
Ethics Committee of the University of Szeged, Hungary,
approved the study (registration no. 125/2015 SZTE). A
signed informed consent was obtained from all individuals
before their participation in the research. All procedures
were performed according to the Declaration of Helsinki.
Our study ran between July and November 2015.
Intervention
The Kinect training group. Prior the study, the partici-
pants did not have any experience with exergames, thus
before the very first training, the group was given an intro-
ductory demonstration on how to play the gesture-controlled
videogames. Subjects were trained with the Microsoft Xbox
360 Kinect (Redmond, WA) videogames. Kinect is a motion-
sensing input device produced by Microsoft for Xbox 360
videogame consoles and is based around an RGB camera,
providing among others full-body 3D motion capture. The
pictures of the game were projected on the wall, and with the
help of the Kinect sensor. Before the training, we conducted
a pilot testing exergaming session where subjects were
grouped into matched pairs based on age, physical abilities,
understanding the tasks in the virtual environment, and
summed points reached in the pilot gaming session.
Subjects participated in the training sessions three times a
week for 6 weeks (altogether 18 times), conducted by
physiotherapists. Each training session took 30 minutes for
each of the participants. During the 30-minute activity, there
was *1-minute transition time between the games, when
players could take a rest. Games that require more predict-
able movements and more simple elements (e.g., bowling or
football, skiing, and just dance) were played in half of the
total game time and those games that necessitate higher at-
tention and fast reaction times (20.000 Leaks, Space Pop,
Reflex Ridge, River Rush) were chosen to play for the sec-
ond half of one training session. Participants played the same
type of games in the same order on each gaming day to avoid
bias. Relying on the methods of previous studies14,17,18 that
effectively used Kinect games for rehabilitation or improv-
ing balance in our research, we applied games that also
contain patterns of everyday functional movements, which
model usual natural motions, that is, reaching and leaning to-
ward something, upper limb movements while static standing,
weight shifting, forward, backward, and side stepping, squat-
ting, lunging, and hopping. Players’ adaptation and progression
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were also considered, and therefore, the level of difficulty of the
games was continuously set during the training.
Conventional balance training group. Before the training,
we conducted a pilot testing balance training session where
subjects were grouped into matched pairs based on age,
physical abilities, and understanding the exercises. Partici-
pants who performed conventional balance training were
trained for 6 weeks, three times a week (altogether 18
trainings). During the interventions, volunteers were in-
structed by a physiotherapist on how to complete the exer-
cises. The balance training was performed in an exercise
room at a clinical physiotherapy department. On the basis of
the studies of Zhuang et al.19 and Halvarsson et al.,20 our
training targeted balance control in specific situations that
can occur in daily life, such as obstacle course, applying
cognitive tasks with simultaneously performed physical ex-
ercises. On the abovementioned methods of researches,19,20
our training consisted of three parts: the first few minutes of
the training session contained light warm-up exercises (arm,
leg and neck movements, marching in place) followed by the
main part of the training, where participants performed static
and dynamic balance exercises that also included reaching
and leaning, weight shifting, forward, backward, and side
stepping, change of direction exercises, squatting, lunging,
and hopping tasks. The sessions ended with a few minutes
FIG. 1. Flow chart of participant’s allocation process.
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lasting cool-down part, including stretching and breathing
exercises.
Control group. Members of the control group received no
balance training, only pre- and postmeasurements (in 6
weeks).
Outcome measures
The outcome measures were recorded before the training
(at baseline) and at the subsequent days of the latest training
sessions (at the end of the sixth week) by the physiothera-
pists. Balance outcomes included Four-Square Step Test
(FSST), Functional Reach Test (FRT), Timed Up and Go
Test (TUG), Timed Up and Go dual-task (TUG-cog), and
Limits of Stability (LOS) test measured on NeuroCom Basic
Balance Master. The desktop configuration of this device
uses a fixed dual-force plate to measure the vertical forces
exerted through the subject’s feet to measure center of
gravity (COG) and postural control.
In performing the FSST, stepping over a cane clockwise
and counter clockwise in a certain time needs moving for-
ward, backward, and sideways.21 During the recording of the
FRT, participants have to reach in forward direction as far as
it is possible from a stable, standing position, without step-
ping out of the baseline position.22 As for the TUG test,
subjects have to get up from a chair, walk around an object
3m away from the starting position, get back to the chair, and
sit down.23 The same is required in the TUG-cog, in which a
cognitive task is added.24 Both tests measure the time needed
to perform the instructions. During the LOS test, participants
were required to stand on a force platform with their arms at
their sides to the trunk and while watching a computer
monitor, subjects were cued to move the humanoid toward
the target, the representation of their COG in eight directions
(i.e., forward, forward-right, right, backward-right, back-
ward, backward-left, left, and forward-left) within a given
time.25 Reaction time (LOS-RT) and movement velocity
(LOS-V) were measured.
The average of three trials of distance (FRT), of time
(FSST, TUG, TUG-cog, LOS-RT), and of velocity (LOS-V)
was used.
Data analysis
All analyses were performed using Statistica 13. Datasets
were checked for normal distribution using the Kolmogorov–
Smirnov test. Sample demographics (age, body mass
index [BMI], gender distribution) were compared using
independent-samples t-tests. Baseline differences in balance
parameters between the groups (Kinect vs. conventional vs.
control) were tested using one-way analysis of variance
(ANOVA). Effectiveness of the different trainings on bal-
ance parameters measured by FSST, FRT, TUG and TUG-
cog, LOS-RT, and LOS-V was tested using two-factor mixed
ANOVA with time (pre vs. post) as the within-subjects
factor, and group (Kinect vs. conventional vs. control) en-
tered as the between-subjects factor. All values are given
as mean – standard deviation. The post hoc test was the
Newman–Keuls test. A value of P < 0.05 was taken as a
significant training effect, and P < 0.10 was interpreted as a
statistical trend.
Results
Altogether 75 subjects participated in our study (Fig. 1),
without any dropouts.
Demographic data
The demographic characteristics of participants in the
three groups are presented in Table 1. There were no sig-
nificant differences between the training and control groups
in age, sex distribution, and BMI (P < 0.05).
Effects of training on functional performance
balance tests
At baseline evaluation of the functional performance
balance tests, there were no significant differences between
the three groups.
Our results showed a significant interaction of time ·
group for the parameters of FSST (F(2,146)= 4.37, P< 0.05)
and FRT (F(2,146) = 3.65, P< 0.05). The results of FSST and
FRT (Fig. 2) compared with the baseline in the conventional
training group and in the control group remained unchanged,
while these values decreased significantly in the Kinect
training group.
We observed significant interaction time · group for the
parameter of TUG, there was a significant difference among
the three experimental groups (F(2,146) = 3.46, P < 0.05).
Time needed for the execution of the TUG test showed
significant improvement in both the Kinect training group
(P < 0.05) and in the conventional balance training group
(P < 0.05) compared with the follow-up data of the control
group. While both training groups showed improvements in
TUG test, we detected a significant decrease of the time of
TUG (P < 0.05) performance after the training compared
with the baseline in the Kinect group only (Fig. 3). The
control group displayed nonsignificant deterioration during
the 6-week period.
The time needed for the test with an additional cognitive
task (TUG-cog) increased in all groups before the training,
although this change was not significant, just a statistical
trend (P < 0.10). However, after the training programs, the
effect of the additional cognitive task showed no deteriora-
tion in the results of both intervention groups (P> 0.10).
Mixed ANOVA revealed significant interaction time ·
group for the parameter of TUG-cog (F(2,146) = 3.48,
P < 0.05). The time of TUG-cog presentation decreased in
both intervention groups, but this change was significant only
Table 1. Demographic Data of the Groups
Kinect
balance
training
group
Conventional
balance
training
group
Control
group P
N 30 23 22 >0.05
Age (years) 69.57– 4.66 69.12 – 4.19 67.18– 5.56 >0.05
Sex distribution
(male/female)
1/29 1/23 4/18 >0.05
BMI (kg/m2) 26.21– 2.60 25.95 – 2.60 27.09– 5.45 >0.05
BMI, body mass index.
G4H-2018-0027-ver9-Sapi_3P.3d 08/25/18 10:46am Page 4
4 SA´PI ET AL.
after the Kinect training compared with the baseline data
(P < 0.05) (Fig. 3).
Effects of training on computerized posturography test
Baseline and follow-up levels of the training groups and
the control group are summarized in Table 2. There were no
significant differences between the three groups at baseline
evaluation.
LOS-RT showed a significant training effect (time · group
interaction, F(2,146)= 6.75, P < 0.05). Reaction time in-
creased in the control group, while this value in the Kinect
training group slightly decreased.
We observed significant changes with respect to LOS-V
test (time · group interaction, F(2,146)= 5.02, P< 0.05).
Both the Kinect (P< 0.05) and the conventional balance
training group (P< 0.05) significantly increased the velocity
of LOS performance compared with the control group data,
although only in the Kinect group was the movement ve-
locity significantly higher (P < 0.05) after than before the
training.
Discussion
The objective of our study was to confirm our hypothesis
that Kinect training using commercially available games can
FIG. 2. The effect of the three types of intervention on postural control. The time of FSST (mean –SD) before and after
the different training programs. Statistically significant difference (P < 0.05) in comparison with the preintervention data
(asterisk). The distance data of FRT (mean – SD) before and after the different training programs. Statistically significant
difference (P< 0.05) in comparison with the preintervention data (asterisk). FRT, Functional Reach Test; FSST, Four-
Square Step Test; SD, standard deviation.
FIG. 3. The effect of the three types
of intervention on postural control.
The time data of TUG and TUG-cog
test (mean– SD) before and after the
different training programs. Statisti-
cally significant differences (P < 0.05)
in comparison with the control (circle)
and statistically significant differences
(P < 0.05) in comparison with the
preintervention data (asterisk). TUG,
Timed Up and Go Test; TUG-cog,
Timed Up and Go dual-task.
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be more effective than a conventional balance training fo-
cusing on improving balance of healthy older adults. Ac-
cording to our results, both training groups’ balance tests
improved with superiority of the Kinect training group,
whereas the control group remained unchanged.
Effects on functional performance balance tests
To our knowledge, there is no study that applied these tests
to investigate the effect of an exergame balance training
applying commercially available Kinect games to improve
healthy older adults’ balance abilities. However, Keogh
et al.26 used FSST to assess dynamic balance abilities among
older adults, who practiced Nintendo Wii Sports Games. In
their study, the gamer group’s post-training results remained
unchanged compared with the control group without train-
ing. As opposed to that, our results showed statistically
significant improvement in the FSST only in the Kinect
training group. The reason behind our result could be that the
stepping movements in the FSST were also the basis of
games participants played (i.e., 20,000 Leaks, Space Pop).
On the contrary, in the study of Chen,27 the developed Kinect
exergames showed no significant change in FSST among
older people.
Bieryla14 described that there was no statistically signifi-
cant enhancement in the FRT, neither in the Kinect training
group nor in the control group without intervention. In
contrast with that our results suggest statistically significant
improvement in the FRT in the Kinect training group, while
the values of the conventional training group and the control
group remained unchanged. The shorter total time of the
intervention and the lower sample size can be the reason why
the FRT did not show any change in Bieryla’s study.14
Meanwhile, after the developed Kinect exergame trainings
among older adults of Sato et al.28 and Chen,27 FRT showed
significant improvement in the exergaming groups’ post-
training results, and no difference was detectable in the
control group in Sato’s study.
Based on Bieryla’s14 findings, there was no statistically
significant decrease in the time scores of TUG, neither in the
Kinect training group nor in the control group. In a study by
Karahan et al.,15 the TUG results showed statistically sig-
nificant improvement only in the Kinect training group, but
no relevant decrease in time in the home exercise
group. Bacha et al.16 investigated the effect of Kinect
training and the conventional physical therapy training on
the Mini-BESTest, including the evaluation of the TUG, with
the conclusion that both groups showed statistically signifi-
cant improvement compared with their baseline results. Our
scores of the TUG presented both in the Kinect and in the
conventional training group statistically significant en-
hancement compared with the control group. Furthermore,
compared with the baseline results of the TUG time scores, a
statistically significant decrease was shown only in the Ki-
nect training group.
For our study, we also applied the TUG test with an ad-
ditional cognitive task resulting in increased test times in all
groups. The intervention groups’ post-training time scores
presented enhancement, moreover, the results confirmed
statistically significant improvement in the Kinect training
group. To our knowledge, there is no research with similar
study design that investigated the balance tests with an added
cognitive task. Bacha et al.16 measured the effects of the two
trainings on cognition and they found significant improve-
ment in both groups’ results, although for the assessment of
the postural control the authors applied the Mini-BESTest.
According to Pichierri et al.,12 exergames can be consid-
ered dual tasks since the games are performed by a man–
videogame interface, requiring cognitive and motor
functions simultaneously. The TUG test with an additional
cognitive task is also a dual task, and therefore, our results
can confirm that the Kinect training has a major effect on
performance with high cognitive and motor demands.
According to Monteiro-Junior et al.,29 during exergames,
participants move in a simulated virtual environment, where
they need to perform random, constantly changing elements
(open task). Kinect training can provide open tasks, and they
may improve cognitive functions, since individuals need to
understand and interact with a virtual environment context.
Physical exercise and cognitive stimulation performed to-
gether show the potential that exergames may provide a new
strategy to stimulate neuroplasticity and improve cognitive
functions.29 As a result of exergaming containing anticipated
visual tasks in a virtual environment, cognitive processing,
and movements concurrently, therefore it might provide the
possibility of training visuomotor integration.
Effect on posturography test
We have not found any study so far that has been con-
ducted on improving postural control through conventional
and Kinect balance training in older adults that applied
NeuroCom Basic Balance Master for the evaluation of LOS.
As stated by Bourelle et al.,30 the LOS test is associated with
cognitive functionality, and they found that this evaluates
motor and cognitive capabilities to respond to the complex
Table 2. Effects of the 6-Week Training Program on Computerized Posturography Test
Parameter Group Pre (mean – SD) Post (mean – SD) Time · group interaction, P
Limit of stability test Kinect (n = 30) 1.04 – 0.63 0.89 – 0.54 0.001
Reaction time (s) Conventional (n = 23) 0.94 – 0.62 1.00 – 0.50
Control (n = 22) 0.91 – 0.51 1.04 – 0.62
Limit of stability test Kinect (n = 30) 3.09 – 1.38 3.84 – 1.84 0.007
Velocity (m/s) Conventional (n = 23) 3.55 – 1.61 3.77 – 4.38
Control (n = 22) 3.05 – 1.59 2.82 – 1.15
P values refer to level of significance of the time · group interaction of two-factor mixed ANOVA with time (pre vs. post) as the within-
subjects factor and group (Kinect vs. conventional vs. control) entered as the between-subjects factor.
ANOVA, analysis of variance; SD, standard deviation.
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task of initiating a movement with certain accuracy, in
function of a visual stimulus. Faraldo-Garcia et al.31 con-
cluded that aging affects the reaction time, the movement
velocity of the LOS performance. During LOS test, we
found that both interventions enhanced the reaction time
and the summed velocity compared with the follow-up re-
sults of the control group. Moreover, post-training results of
the Kinect training compared with its baseline improved
significantly.
The central nervous system regulates movements and
stability by using two main postural strategies to maintain
(proactive) and to restore (reactive) postural control.32 In
older adults preparing for an external, predictable perturba-
tion, anticipatory postural adjustments (APAs) and com-
pensatory postural adjustments (CPAs) to restore balance are
significantly delayed,33 and impairment in visual and cog-
nitive function can also be detected due to aging,34 resulting
in the enhanced risk of falls. APAs can be considered the first
line of defense against falling, followed by CPAs, and both
play an important role in maintaining balance.32 To our
knowledge, there is no functional balance test or posturo-
graphy test for the direct evaluation of APAs. Whereas
Hwang et al.35 found correlation between the APAs mea-
sured with Electromyography and the TUG and the TUG-
cognitive tests. Findings by Bacha et al.16 suggest that both
conventional physical therapy and Kinect training enhance
APAs, and therefore, due to our results of the TUG and TUG-
cog we suspect that Kinect training intervention might have
more effect on APAs than the conventional balance training.
One limitation to this study is that no sample calculus has
been made and gender distribution is unequal. Moreover, to
set up a more precise treatment regimen with Kinect games,
further research would be necessary on investigating the
exact amount of time, frequency, and regularity of trainings
since our aim is to provide long-lasting balance interven-
tions. In addition, another limitation is that no further follow-
up results have been performed, which could verify the
lasting effects of our trainings.
Conclusion
Several studies investigated the effects of the custom-
made Kinect game training for older adults.36–38 According
to our present results, the commercially available Kinect
games are able to fulfill the requirements of a functional
balance training, since these games make their players to
move in functional movement patterns, while participants’
attention is directed to problem solving and throughout en-
tertaining tasks. We choose balance tests to get an objective
estimation about our volunteers’ postural control, which are
based on movements performed in everyday life and in the
games, players played. For this reason, Kinect game training
is a suitable tool for training postural control of healthy older
adults.
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